Nuclear reactions using rare isotopes has opened up several new frontiers in nuclear sciences [1, 2, 3] . In particular, heavy rare isotopes currently available at several radioactive beam facilities in the world and the more energetic ones to be available at the planned Rare Isotope Accelerator (RIA) provide a unique opportunity to explore novel properties of dense neutron-rich matter that was not in reach in terrestrial laboratories before. This exploration will reveal crucial information about the equation of state (EOS) of neutron-rich matter [4, 5, 6, 7, 8] . Within the parabolic approximation (see e.g., [9] ), the EOS of neutronrich matter of isospin asymmetry δ ≡ (ρ n − ρ p )/(ρ n + ρ p ) can be written as e(ρ, δ) = e(ρ, 0) + E sym (ρ)δ
where e(ρ, 0) is the energy per nucleon in isospin symmetric nuclear matter. The densitydependent nuclear symmetry energy E sym (ρ), especially at high densities, is very uncertain and has been a subject of extensive research with various microscopic and/or phenomenological models over the last few decades. Besides being important for studying the structure of radioactive nuclei near neutron and proton driplines, the density dependence of nuclear symmetry energy has many profound consequences for several key issues in astrophysics [10, 11, 12, 13, 14] . It is therefore an important theoretical challenge to make reliable predictions on which experimental observables can be used as sensitive probes of the E sym (ρ), thus constraining the isospin dependence of the nuclear EOS. Within a hadronic transport model it was recently shown that the π − /π + ratio is a particularly useful probe for the high density behavior of the E sym (ρ) [15] . For central collisions of 132 Sn + 124 Sn a significant sensitivity of the π − /π + to the variation of E sym (ρ) was found. How does this sensitivity depend on the isospin asymmetry of the reaction system? In this Brief Report, we investigate this
question. An answer to it is not only interesting in its own right but also useful for planning future experiments [16] .
It is well known that the π − /π + ratio in heavy-ion collisions depends strongly on the isospin asymmetry of the reaction system, see, e.g., [17, 18, 19, 20] . It is also qualitatively easy to understand why this dependence can be used to extract crucial information about the EOS 2 of neutron-rich matter. On one hand, within the ∆ resonance model for pion production from first-chance independent nucleon-nucleon collisions [20] , the primordial π
It is thus a direct measure of the isospin asymmetry (N/Z) dense of the dense matter in the participant region of heavy-ion collisions. It was shown that the (N/Z) dense is uniquely determined by the high density behaviour of the nuclear symmetry energy [15] . Therefore, the π − /π + ratio can be used to probe sensitively the EOS of neutron-rich matter. On the other hand, within the statistical model for pion production [21] , the π [15] . It is seen that the kinetic part of the difference µ n − µ p relates directly to the isospin asymmetry ρ n /ρ p or ρ n − ρ p . Thus within the statistical model too, the π − /π + ratio is sensitive to the (N/Z) dense . Moreover, the value of π − /π + ratio is affected by the competition of the symmetry and Coulomb potentials which all depend on the isospin asymmetry of the reaction system. These expectations based on two idealized models illustrate qualitatively the usefulness of the π − /π + ratio for investigating the EOS of neutron-rich matter. For more quantitative studies, however, advanced transport model calculations are necessary.
To investigate quantitatively effects of the isospin asymmetry of the reaction system on the π − /π + ratio, we extend the study of ref. [15] based on a hadronic transport model [22] . a group where the E sym (ρ) rises monotonously and one in which it begins to fall above about 2ρ 0 , see e.g., [13, 24, 25] . As in ref. [15] , we use the following two representative
and
where u ≡ ρ/ρ 0 is the reduced density. The linearly increasing E a sym (ρ) is the typical prediction of the Relativistic Mean Field (RMF) theory [14, 26] . The E b sym (ρ) first increases with density, then starts to decrease above 1.5ρ 0 and becomes zero at 3ρ 0 . It approximates the prediction of Hartree-Fock calculations using several Skyrme and/or Gogny effective interactions [13, 24, 25] .
Shown in Fig. 1 are typical results for the three reactions. In the left panels we examine the average isospin asymmetry (n/p) ρ≥ρ 0 of the whole space where the local densities are higher than the ρ 0 . Effects of the symmetry energy is clearly seen after about 10 fm/c when a sufficiently high compression has been reached. The E a sym (ρ) (E b sym (ρ)) makes the high density region more neutron poor (rich) compared to the initial system due to the continuous isospin fractionation [15] . This effect is stronger for the more neutron-rich systems as one expects. Shown in the right panels are the (π In summary, within an isospin-dependent hadronic transport model using two repre- 
